INTRODUCTION
The U.S. Geological Survey periodically assesses petroleum resources of areas within the United States and the world. The purpose of this report is to explain the development of an analytic probabilistic method and spreadsheet software system called Analytic Cellbased Continuous Energy Spreadsheet System (ACCESS). The ACCESS method is based upon mathematical equations derived from probability theory. The ACCESS spreadsheet can be used to calculate estimates of the undeveloped oil, gas, and NGL (natural gas liquids) resources in a continuous-type assessment unit. An assessment unit is a mappable volume of rock in a total petroleum system. First, the geologic assessment model is defined; second, the analytic probabilistic method is derived; and third, the spreadsheet ACCESS is described.
GEOLOGIC ASSESSMENT MODEL
The geologic assessment model is called the FORSPAN model and is described in Schmoker (1999) . The geologic assessment model for an assessment unit consists of the following components (see figures 1 and 2 for additional descriptions):
Percentage of total assessment-unit area that is untested (%): (uncertainty of a fixed value) minimum H"? median 7/ maximum
Percentage of total assessment-unit area that is untested and has potential for additions to reserves in next 30 years (%): ( a necessary criterion is that total recovery per cell > minimum) (uncertainty of a fixed value) minimum 34-median £Q maximum S 7 ( x/l s^ac» rwta ) The eight given random variables are assigned probability distributions as probability models that are based on the descriptive parameters (FIDO, F50, and FO). That is, each given random variable is assigned a probability distribution with the specified descriptive parameters: minimum, median, and maximum. It is important to realize that the ACCESS method does not depend upon the specific assignment of probability distributions in that many assignments could be accommodated by a modification of ACCESS. The assignment is an operational decision. The following probability distributions were assigned to the set of eight given random variables for an oil assessment unit or for a gas assessment unit: The mathematical equations for the median-based triangular distribution are derived from probability theory in Crovelli (1999) . The basic probability theory of the triangular distribution can be found in Law and Kelton (1991) . The probability theory of the lognormal distribution is given in Aitchison and Brown (1957) .
A probabilistic method must be derived that combines given random variables of the geologic assessment model (FORSPAN) to determine parameters (especially, the mean, standard deviation, F95, and F5) of new random variables of interest, which are functions of the given random variables. The new random variables of interest are the following measures of undeveloped petroleum resources (potential additions to reserves):
Oil in oil assessment unit Gas in oil assessment unit NGL in oil assessment unit Gas in gas assessment unit NGL in gas assessment unit Oil in gas assessment unit A probabilistic method is required to compute the estimates in the form of parameters (especially, the mean for a point estimate, and fractiles F95 and F5 for an interval estimate) of a probability distribution. An analytic probabilistic method is a probabilistic method that uses mathematical equations from probability theory to obtain the estimates of the undeveloped petroleum resources in an assessment unit. The ACCESS method is an analytic probabilistic method that was developed by deriving the necessary mathematical equations based upon conditional probability theory and laws of expectation and variance. Three features of ACCESS are the following:
ACCESS relates the parameters with mathematical equations. ACCESS computes the means, standard deviations, minimums, and maximums exactly. ACCESS computes the estimates instantaneously.
For example, in the case of gas in gas assessment unit the following relationships are developed for the random variables: 
1=1
The random variable Y is equal to the sum of a random number of random variables (total recoveries per cell). The mean and standard deviation of Y can be derived from the theory of conditional probability and conditional expectation (Ross, 1993) . Parameters of particular interest for gas in gas assessment unit are the mean, standard deviation, minimum, and maximum:
Many of the mathematical equations for parameters of the new random variables of interest in the ACCESS method are derived using conditional probability theory in Crovelli (1992) . A simplified flow chart of the analytic probabilistic method for resource assessment of continuous (unconventional) oil and gas accumulations -the ACCESS method -is displayed in figure 3 . The number of potential cells and the total recovery per cell are combined probabilistically to obtain the undeveloped p'etroleum resources (potential additions to reserves) in an assessment unit.
How the assessment-unit area, potential percentage of assessment-unit area, and area per cell are used to determine the number of potential cells will now be explained. The assessment-unit area and potential percentage of assessment-unit area are multiplied probabilistically to obtain the potential area of the assessment unit. Then the potential area of the assessment unit and area per cell are combined to generate the number of potential cells. This sequence of calculations for the number of potential cells is described in the flow chart of figure 4. 
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Geologic probability
Unconditional-1 mean, standard deviation, minimum, and maximum Access probability
Unconditional-2 mean, standard deviation, minimum, and maximum Worksheet Uncl: Unconditional-1 resource estimates, risked using the geologic probability of the assessment unit.
Worksheet Unc2: Unconditional-2 resource estimates, risked using both the geologic and the access ("geoacc") probability of the assessment unit.
Worksheet Numb: Input data (Panel 47), probability distribution calculations (Panels 48-52) for the number of potential cells.
The individual panel numbers and contents of the spreadsheet ACCESS are given in Table 1. A probability system is an orderly collection of random variables logically related in terms of their probability distributions and parameters. The spreadsheet probability system ACCESS includes:
Conditional (unrisked) and unconditional (risked) estimates of undeveloped petroleum resources (potential additions to reserves) in
Assessment unit
Parcel (or land entity)
Offshore portion of parcel
The total number of new random variables or sets of estimates (mean, standard deviation, F95, and F5) per assessment unit:
72 (2*4*3*3) if one parcel 120 (2*4*3*5) if two parcels
For illustrative purposes only, the ACCESS system is used here to compute the undeveloped petroleum resource estimates for two assessment units. Input data were prepared by James W. Schmoker. These input data are realistic in a geologic sense, but DO NOT represent an official USGS resource estimate; they are intended solely to help explain the ACCESS system.
The two test assessment units are entitled: (1) Bakken Fairway Continuous Oil, and (2) Wasatch (East of Green River) Continuous Gas. Note that these two assessment units were used as examples of the basic input data form for the FORSPAN model in figures 1 and 2. The computer printout of the 52 panels in the ACCESS spreadsheet for this illustration is presented on following pages. The panel captions explain how the panels are related with respect to their calculations. For examples of particular interest, we have the following:
Panel 11. Conditional estimates of undeveloped resources in assessment unit: oil in oil assessment unit and gas in gas assessment unit. Mean, standard deviation, minimum, and maximum are computed by combining parameters from Panels 5 and 6. Fractiles F95, F75, F50, F25, and F5 are approximated by a lognormal distribution.
Note that the number of potential cells (Panel 5) and the total recovery per cell (Panel 6) produce the estimates for an assessment unit (Panel 11). Recall that the corresponding mathematical equations were given in the previous section.
Panel 23. Unconditional-1 estimates of undeveloped resources in assessment unit: oil in oil assessment unit and gas in gas assessment unit. Mean, standard deviation, minimum, and maximum are computed by applying the geologic probability from Panel 23 to parameters from Panel 11. Fractiles F95, F75, F50, F25, and F5 are approximated by a lognormal distribution.
Note that the geologic probability (Panel 23) is applied to the conditional estimates (Panel 11) to generate the unconditional-1 (risked for geology) estimates (Panel 23).
Panel 35. Unconditional-2 estimates of undeveloped resources in assessment unit: oil in oil assessment unit and gas in gas assessment unit. Mean, standard deviation, minimum, and maximum are computed by applying the geoacc probability from Panel 35 to parameters from Panel 11. Fractiles F95, F75, F50, F25, and F5 are approximated by a lognormal distribution.
Note that the geoacc probability (Panel 35) is applied to the conditional estimates (Panel 11) to generate the unconditional-2 (risked for geology and access) estimates (Panel 35). (11) Cond. estimates in assessment unit: Oil in oil fields and gas in gas fields (12) Cond. estimates in assessment unit: Gas in oil fields and NGL in gas fields (13) Cond. estimates in assessment unit: NGL in oil fields and oil in gas fields (14) Cond. estimates in assessment unit: Total in oil fields and total in gas fields (15) Cond. allocation to parcel: Oil in oil fields and gas in gas fields (16) Cond. allocation to parcel: Gas in oil fields and NGL in gas fields (17) Cond. allocation to parcel: NGL in oil fields and oil in gas fields (18) Cond. allocation to parcel: Total in oil fields and total in gas fields (19) Cond. allocation to offshore: Oil in oil fields and gas in gas fields (20) Cond. allocation to offshore: Gas in oil fields and NGL in gas fields (21) Cond. allocation to offshore: NGL in oil fields and oil in gas fields (22) Cond. allocation to offshore: Total in oil fields and total in gas fields (23) Unc1. estimates in assessment unit: Oil in oil fields and gas in gas fields (24) Unc1. estimates in assessment unit: Gas in oil fields and NGL in gas fields (25) Unc1. estimates in assessment unit: NGL in oil fields and oil in gas fields (26) Unc1. estimates in assessment unit: Total in oil fields and total in gas fields (27) Unc1. allocation to parcel: Oil in oil fields and gas in gas fields (28) Unc1. allocation to parcel: Gas in oil fields and NGL in gas fields (29) Unc1. allocation to parcel: NGL in oil fields and oil in gas fields (30) Unc1. allocation to parcel: Total in oil fields and total in gas fields Panel 1. Input data: assessment-unit name, number, and probabilities for charge, rocks, timing, and access. Geologic probability is the product of charge, rocks, and timing probabilities. "Geoacc" probability is the product of geologic and access probabilities.
No. Panel 3. Input data: ratios used to assess coproducts of undeveloped oil and gas fieldsminimum, median, and maximum. Panel 23. Unconditional-1 estimates of undeveloped resources in assessment unit: oil in oil fields and gas in gas fields. Mean, standard deviation, minimum, and maximum are computed by applying the geologic probability from Panel 23 to parameters from Panel 11. Fractiles F95, F75, F50, F25, and F5 are approximated by a lognormal distribution. Panel 24. Unconditional-1 estimates of undeveloped resources in assessment unit: gas in oil fields and NGL in gas fields. Mean, standard deviation, minimum, and maximum are computed by applying the geologic probability from Panel 23 to parameters from Panel 12. Fractiles F95, F75, F50, F25, and F5 are approximated by a lognormal distribution. Panel 26. Unconditional-1 estimates of undeveloped resources in assessment unit: total resources in oil fields and total resources in gas fields. Mean, standard deviation, minimum, and maximum are computed by applying the geologic probability from Panel 23 to parameters from Panel 14. Fractiles F95, F75, F50, F25, and F5 are approximated by a lognormal distribution. Panel 27. Unconditional-1 allocation of undeveloped resources to parcel: oil in oil fields and gas in gas fields. Mean, standard deviation, minimum, and maximum are computed by applying the geologic probability from Panel 23 to parameters from Panel 15. Fractiles F95, F75, F50, F25, and F5 are approximated by a lognormal distribution. Panel 30. Unconditional-1 allocation of undeveloped resources to parcel: total resources in oil fields and total resources in gas fields. Mean, standard deviation, minimum, and maximum are computed by applying the geologic probability from Panel 23 to parameters from Panel 18. Fractiles F95, F75, F50, F25, and F5 are approximated by a lognormal distribution. Panel 42. Unconditional-2 allocation of undeveloped resources to parcel: total resources in oil fields and total resources in gas fields. Mean, standard deviation, minimum, and maximum are computed by applying the geoacc probability from Panel 35 to parameters from Panel 18. Fractiles F95, F75, F50, F25, and F5 are approximated by a lognormal distribution. 
UNCONDITIONAL ESTIMATES OF UNDISCOVERED RESOURCES IN ASSESSMENT UNIT
